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1. GENERAL 

1.1 This section provides REA borrowers, consulting engineers, contrac- 
tors and other interested parties with technical information for 

using an exploring coil during noise investigations. Noise investigations 
may be undertaken where telephone plant is operational, non operational or 
along proposed routes. 

1.2 An exploring coil can be used to locate and identify various power 
line components that may be contributing to a telephone system 

noise problem. An exploring coil is also used to measure the overall or 
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or individual harmonic frequency earth return current of a nower i-mo 
(See TE&CM Section 452, Paragraph 9.2.) ^ line - 

1.3 An exploring coil is small and lightweight and thus easy to trans- 

, port. Little time is required at a site to prepare for measurement 

making it more convenient than a probe wire. (See TE&CM Section 452.3) . 

1-4 ^ art ^ return current is usually measured along a power line after it 

verified by measurement and the source of the noise is through SSctSn aS 
not within the telephone system. Another situation wLrf 22 
P^er system earth return current might be desirable is where TSSTSSe 
. ® nsion ls planned parallel to an existing power line. The expected newer 
influent can be calculated fro* the averagl Srth retSl cmrSTSIeto 
if " eas * s “* ntsoE earth return currant along the proposed route Thus 

design “ «» tran^ssicn 

i.5 The technique for measuring power line earth return currents is 
, , . . effective on single-, two-, or three phase systems. In general, 

: chnique used to measure the earth return current associated 

with any conductor or group of conductors. This also applies to buried 
telephone cable. 

2. EXPLORING COIL SURVEY OP POWER SYSTEM 

2 ' 1 goring coi! in conjunction with a spectrum analyzer can be 

nay be antribSL?S a^S^noS^lS 6 which 

when an analysis of the nower pr ° ble ™' ^ is especially true 

cussed in TE&CM Section 452 1 has identified Jf lepho JJ e cable P air as dis- 

l°£ n f^ 40 Eert i S ^ta^Sc'of'S; 

SJF^“ sss^sr sr 

quoncy tes mt beTSte^ne? interfering fre _ 

2. 2 22”®* the exploring coil to the input of the spectrum analyzer. 

Seb th f spectrum analyzer for bridged measurement and to the harmonic 

T^7 h ^ St *a f 6re thS teSt Set has automatic frequency cont^ 

(AFC) it should be used to compensate for drift. Hold the Sul outside the 

vehicle window and point it directly at the power wires as shown in Pierre 1 
The coil should be oriented to obtain nexinum reading on the analyzer Sore* 

Mf.TuTr 316 noise ^ 
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Power Conductors 

o o o 



Exploring Coil 

Short sides of coil perpedicular 
to power conductors 


FIGURE 1 

POWER SYSTEM SURVEY 


o 


2.2.1 ^tove along tie power line in the vehicle observing the magnitude of 
the harmonic frequency. As the location of the power line changes 
in relation to the road it will be necessary to reorient the exploring coil 
o obtain the maximum reading on the analyzer. The entire rawer line ^Vinnm 
te sidled even though it extends beyond k 

m the power system contributing to telephone interference need not be Seated 
m spans where the systems are parallel. located 


2.2.2 When a point is passed where there is a significant change in the 

whv q 11 ^ gni i Ude of . t ^ e harmonic frequency return to the point and determine 
why. Such a change might occur at a capacitor bank location which due to a 
resonan power fine condition is providing a low impedance path to earth for 

CUrr T- A reduCtion in ™gni?u2^ g £ r 
th^tap S 1113111 P ° Wer line 311(1 the curre nt is flowing in 


2.2.3 When the reduction occurs at a tap location the tap should be studied 
in ^ sa ™e manner discussed above until the factor (s) contributing 
to the noise have been identified. Then the study of the main power line 
route can be completed. ^ 


2.3 After possible contributors to the telephone interference have been 

identified rreasurements of the power line earth return current should 
be completed on both sides of the locations to verify its contribution. The 
measurement of earth return current with an exploring coil is discussed in 
Paragraph 3 and with a probe wire in TE&CM Section 452.3. 


- 3 - 
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3. MEASUREMENT OF EARTH RETURN CURRENT 

3.1 Selection of a location for measurement of power line earth return 

currents is an important consideration. It must be free as possible 
from factors that might produce erroneous results. Things to avoid are: 


3.1.1 Power line spans that include secondary distribution conductors 

should be avoided. The presence of secondary distribution conductors 
alters the magnetic field and can cause significant errors in earth return 
current measurements. 


3.1.2 Discontinuities in the power line such as bridged taps, distribution 
transformers, comers or dead-ends should also be avoided. These 
will distort the magnetic field from the power line and cause errors in the 
earth return current measurements. 


3.1.3 Metal fences located beneath or near a power line and parallel to 
it should be avoided. The magnetic field from a grounded metal 
fence may be stronger at the earth's surface than that from the power line. 
This could result in a large error in earth return current measurements. 


3.1.4 Sections where power and telephone lines share poles should als o 
be avoided unless the joint use extends through the entire ex- 
posure. Recorded results of measured earth return current where the entire 
exposure is in joint-use are not the true values. The error is due to the 
cable’s location near the power conductor. Variations in earth return 
current along the power line and the predcminat harmonics of the fundamental 
frequency can still be determined. a ^- 


The exploring coil should not be used where a buried cable or metal- 
P Pe line is located beneath or very near the nower 1 i n<=> mho 

line at the earth's surface. This mil produce erroneous results. 

3 ' 2 se j-f cte, l should be at the center of a span to obtain the 

hl ff e f t ff lm ? “ the raster- After a site has been selected for 
iments determine the distance from the center of the explorino 

“ mSfoTtfra £2 UC ^ eSSin^ e c£l tan0e iS 

15 nr s sss tSnTpratemre is ™ Uve 

8 888 °* a ^Mer is recorded for 
of t£ t 88 1? th ® P 0 "® “Ortons fran the 

* a singL^hSS SS? 9 ® ° f *° °° nduCtors <one "“tral and 


■ £=™~ &=sr zzz'&z - 

-ng coil or probe^re. SSlgned for use when measuring with 
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POWER SYSTEM CURRENT WAVE FORM ANALYSIS 


Central Office ______ 

Power Company Sheet No._ 

Primary Voltage _____ Date , 

Test Location . Time _ 

Test Condition Tester 

FI 100 foot probe wire Q Exploring coil type: 


Power Line Height (Average) Feet (1) ; Correction Factor dB (2) 


FREQ. 

Hz. 

Harmonic 

T1F Weighted (to 
Switch in C- 

eig'ning 

MSG.) 

Unweighted Weighing Switch 
in 50 KHZ-FLAT or 20/F) 

T 

IF 

Reading 

dB 

(3) 

U) + U) 
T f • w f 
dBA 
(4) 

if* Wf 

wtd. 

amps 

(5) 

Flat 

Reading 

dB 

(6) 

20/f 

Factor 

(7) 

^6) + (7)or 
2 Of 

Reading 

(8) 

(8) + (2) 
-40 dB 
= (If) dBA 
(9) 

if 

anps 

(10) 

+40 dB 
= (Tf ) dB 
(11) 

T f 

(12) 

60 

H 





-9.5 






120 

MM 

| 




-15.6 







H 

1 




-19.1 






HE9I 

MU 

M 




-21.6 






300 

5 





-23.5 






360 

6 





-25.1 






420 

7 





-26.4 • 






480 

8 





- 21.6 






540 

9 





-28.6 






600 

10 











660 

11 












12 





-31.1 







mm 





-31.8 







mm 

| 

| 

—I 

| 

-32.5 

| | 

| | 

||' | "|l'|i | i|i|'i I'll 1 Mj 

|H| 

— 1 

900 

15 





-33.1 






960 

16 





-33.6 






1020 

17 





-34.2 






1140 

19 





-35.1 


■ ■ 



— — 

1260 

21 





-36.0 

■ 

13515^ 


■ 

■ 

1380 

23 





-36.8 






1500 

25 





-37.5 






1620 

ESI 





-38.2 

I ■ 

1 1 


— 

|l 

1740 

wai 






I 


| 

■■ — i 

■ 

1860 

US 





-39.4 

1 

HI 

| 

■f 

■ 

1980 

wssm 





-40.0 

. 




_ | 

2100 

ta 





-40.4 

| 





2220 

37 





-40.9 

EE 





2340 

39 





-41.4 

| 




2460 

41 





-41.8 




2580 

43 





-42.2 




2700 

45 





-42, " 



2820 

47 





-43, 


2940 

49 





-43.3 






3060 

51 





-43.7 






3180 

mm 





-44.0 









(i-tydB 

I*T 



m 

■aasECTii 

I 


TIF 

i— 



■1 

mumm 

■■■ii 



—II 


■—■i 


iHnai 

■ 

■ 

■1 

W^0KtU 

wmmm\ 



_ 


i 




Height of Power Line Above 

Probe Wir 

e or Coil 1 

20' 

25 ' 

30/ 

35' 

40' 

45' 

50’ 

55’ 

60' 

Height 

Correction 

Factor 

dB 


0.5 

1.1 

1.6 

2.1 

2.5 

2.9 

3.3 

— 

3.6 

3.9 

Exploring 

Coil 

19.5 

21.5 

23.0 

24.4 

25.5 

26.6 

27.5 i 

28.3 

29.1 


FIGURE 2 
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3.2.3 Find the correction factor in the table at the bottom of the form 
for the average power line height (average distance frcm center 
of coil to power conductors) and enter it in the appropriate space (2) . The 
correction factors are based on the dimensions of the Wilccm Products, Inc. 
CCS-105 exploring coil since, at the time of this writing, it is the only 
one known to be on the market. This does not constitute an endorsement of 
this product by REA or imply other exploring coils of equal or other di— 
mensicns which might be available cannot be used to measure earth return 
current. With coils of different area it is necessary to compute new cor- 
rection factors as discussed in TE&CM Section 452, Paragraph 9. 


Connect the exploring coil to the spectrum analyzer with a two-wire 
cord having a dual banana plug at each end. Position the exploring 
coil directly under the power conductors so that the short sides of the coil 
are perpendicular to the lines and the long sides parallel as shown in Figure 



3.3.1 When using a spectrum analyzer desioned for- +-«i *, 

weiring- te Set the function switch to STmr^^nn P ^ system ^ure- 

SSSSSL *” 1 

3 ' 3 ' 1 ' 1 !“£ ?*“&*«* «* *» available on all test 

it ray be 
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9^ off frequency. Any higher weighting provided such as 8 KHz 
FLAT or 15 KHz Flat would be adequate. 


3. 3.1.2 Not all available test equipment has a 20/f weighted filter. Further, 

^ accurate readings with this weighting can only be made at harmonics 

of the fundamental frequency with a measured valued one tenth ampere or higher 
earth return current. For example, a reading of 0 dBm at a point with an 
average power line height of 20 feet indicates an earth return current of 

Where iong exposures are involved, it is desirable to identify 
earth return currents of 0.05 ampere. This is a meter reading of -5.5 dBm. 
Since with most spectrum analyzers accurate readings cannot be made below 0 dBm 
weighting factors in dBm for 20/f have been included in column (7) of the 
sample form shown in Figure 2. 20/f weighted values are derived by adding 

these values to the recorded flat readings. The factors are also used when the 
available test equipment does not have a 20/f weighted filter. 


3.3.2 Set the spectrum analyzer to the desired frequency. Rock the explor- 
ing coil slowly from side to side on the longitudinal axis as shown 
in lgure 4 to the position providing the maximum reading. When the exploring 
ooil and the power line are in the same plane maximum readings of the power 
line earth return current should be obtained. When the coil at maximum reading 
is at an angle to the power line plane there is a likelihood it is being influ- 
enced by the magnetic field from a buried cable or metallic pipeline. 


o o o 

Power Conductors 

O 


I | Raise toward power line. 

I I Does reading go up or down? 
: ! See paragraph 3 . 3 . 2 . 1 


Elxploring 

Cbil 



Earth's Surface 


Rock from side to side to 
obtain maximum reading. 


FIGURE 4 

PREPARING TO MEASURE EARTH RETURN CURRENT 
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>< 


* : ; • - previous results lift the coil slowly in the plane 

reading. An increase in the reading indicates the 
: * ' p: irari ly influenced by the magnetic field frcm the power line 

1 ' *’ r ' ' £ y ,&c ‘ ccrpleted. A decrease in the reading shows the 
: • ; 7 :rr Pierced by the field from a buried cable or metallic pipe- 

* * steo breath the power. 


-eing 
f ! :jt ta > 
*U i i 


■' V ’ " fccrease in the reading is found, move the coil thirty feet 
; tra ~ the P°f er line as shewn in Figure 5. Repeat the pro- 

* ‘ :r ‘ r “5 agraph 3 - 3 - 2 911(3 3. 3. 2.1 to insure that the coil is 

g’’ ~ ne ra gnetic field from the power line, if other in- 


, Vi _ ^ , xjl uuntix' m— 

* n * location — « ** 


o 


-ViwT.?r 


\ 


bnductors x 


\ 


\ 


\ 




\ 


N 


\ 


\ 



N N Aver ^ge distance to 
\ power inductors 

\ 

X 

X 

\ 

X 

\ 

\ 

\ 

X 

\ 

N 


Short sides of coil 


Surface 


Exploring <X per J end icular to 

Co±i OQnd uctors 


WVRIH REIURn ojrrsnt 


, f reoord a th?^2s f S e dB ther influence s has been f 
frequencies shown 7^ dBrn on the analvsife? t found ' read and 
: ' J-Wina \ hS ** stings 

• readings S swL * to <relcul5S f2S dOSS not have 

Ste “ « the fonn (see 
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3-3 - 3 - 1 S^?s^ rat Se"^oSS‘ ] f PeCt r aralYSiStomS <«*» 

weicrhting. Record the re?nlf 0 • _ era11 reading with C-MSG and 20/f 

the line designated NMS These^vSSl appr °P riate s P aces of the form along 
numerical overall valuer n f Si T readings ^Y be converted to 
arperes (i ™ ^ lighted 
thiey are independent of frequency/ ^ ee TS&CM Section 452) because 

3 ' 3 ' 3 * 2 narwSgte2 a L25^2ts^ S ^? 1ent d ° eS n0t have to te nade. 
be converted to earth return current ^(t) frequencry dependent and can only 
overall flat measur orient can be uS J 1 £ n t s ^ ngle frequency basis. An 
frequency ^asuro.nts. iSs 

3 ' 3 ' 4 V lration - "-veto the next 

measurements have teen completed at procedures *<*1 


4. CALCULATION OF EARTH RETURN CURRENT 


4-1 ^™3t^JS3S results of 

amperes (I) . Qne is to calculate thSm J^ °h TIF Weighted anperes (IT) and 
current wave form analysis (Figure 2) ThJ^^I on . the form for P°wer system 
mth nomographs designed for the weighing us^V-^ tSSTt 0^? ValUSS 

Sf 35 * 2 ^ readings in (3> 

reading and enter it in the /.w dBA^nif factor at (2) to the 

Complete this o^rati^ for eic^^fS £ SK,g. 

4.2.1 Calculate TIF weighted anperes (I*T) by the equation: 


t*T = leg' 


_l /I f -W f dBA 
~20 


4.2.2 


S'lSSU? ^?eTtS 7 bSt3 te? ter f frOT the shown 

I f -W dBA value frem column (4) of the analvS/f 91 SCale at the calcul ated 
line f to the point it injects the on^ Y o S t™’ Follow the vertical 

’ ° f «■* *** « «» ^ v^tSTsoar 

4 ‘ 2 ' 3 to TIF lighted 

hcnogrsph in the left vertical sSteS tfi33£ StT the 

between the center of the exnlorinrr ^ avera 5^ distance 

straight edge fron COnducto ^- a 

of the C-MSG weighted reading in dBm rJSmS °S T ? e center vertical scale 
point the straight edge SSL^t^ fbe ITF weights amperes at the 

in column (5) . intersects the right vertical scale. Enter this value 

4 ' 2 * 3 * 1 ss iTeafe ^ ^ 

scale. „h ere the scale indicates a value ov2 
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(SfSnSSr 5 8 10 E ?o t dbb£ a S t tS e i!r “^P 17 the f ^ ue determined in 

rig^scS 3 °L 50 <*“• S SS^thTS^ £"£" ^ 

30 “v^'reSiS^fS^ the straight edge is laid between 20 and 

3000 whidh is the desired VI. ^ rl9ht SCale ' '“tiplying this by 10 gives 

4.2. 3. 2 when the value desire! is less than 10, add 20 dB to the r eading and 
to obtain theXi^S? 19 ** ed9 ®' DiVide the reading obtained by 10 


distance 

(FT) 


i 


METER READING 
dBm SCALE 
C— MSG WEIGHTING 


300 


+ 200 


T 


I-T 

° r J f W f 

(WEIGHTED AMPS) 
10 


20 


+ 100 
+ 90 

i 80 

f 70 

f 60 

| 50 
t 40 




lourtesy of Wilccm Products, Inc. FIGURE 7 


NOMOGRAPH FOR DETERMINING TIF WEIGHTED AMPERES 



I 


40 


I 

T 

.£ 

I 

I 


50 

60 

70 

on 


1: 300 

C-400 

•;-50o 

•1600 

4700 

4 800 

+ 900 
^1000 
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columns (3) and^ 4 f e a n^h^ r ^ 4 - CalCUlatlng the P° wer summation of 
These are both methods for findina^h^ f*” SqUare (RSS) of col ™n (5) . 
root of the sum of the 7*7 ^ Which is the 

surrmatxcns are in decibels and of root sSi sqISres a in e mite eSUltS ° f P ° Wer 
4. 2. 4.1 ~ 


The equation for power srmnaticn is: 


PWR SUM = 10 log (z log -1 (g| 
4-2. 4. 2 The equation for root sum square is: 


RSS = /zjT 


4.2.5 


to ^ ° verai1 

cates an error in either the oaimii 6 mode " ^ lurge discrepancy indi- 
quency measuranents . T the indiv ^ual s£g2 f re- 
further. hlS Should te found corrected before proceeding 


retu!T^uS2tI S if 5i enTine ? e nagnitude of the unweighted earth 
a 2 °/ f filter only the recorded rSSS of ^fSt^ ec ^ ± ^ Bnt not having 

available. Convert the results of th<= -F?7 fl 1 ^ eighted measurements are 
by adding the 20/f weighting factors f r ™ 1 ! /eigh ^? d readings to 20/f values 
the recorded flat readings In ftT ‘S™ j? ° f the ******* form to 

a^IST to 20/f vaW 

4 ' 3 ' 1 ^ calcu- 

“ <If) ®A- Add the retum current 

O^lete this operate for ^ 

4.3.2 m y * 


The unweighted earth return nirr^f 

from the equation: 1 n an P er es can be calculated 


I = log 


-1 


( T f) dBA \ 
20 ) 


4.3.3 


SrS 1 i^2LT eI 1nS U ?hrboS™ ? detenniBea fra ” curve 

cujjted (I f , da val^ fra ; c5™ (9) SCale at ^ 

vertical line to the noint it i nt» B1L ' . ^ analysis form - Follow the 
unweighted anperes (1^? that Read the value of 

'ralue in cotan (l 0 ) ^ 0,1 *** left vert ical scale. Enter this 


- 12 - 



Unweighted Current I 


REA. TE&CM 452.2 



Unweighted dBA 

CONVERSION CURVE 
dBA to I 
FIGURE 8 
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** * readings can also be converted to unweighted amperes 

I Ct ly by use of the nomograph shown in Figure 9. Enter the 

\* ^? rtica ?' scaie at the point of the average distance 

_ ■ tnt exploring coil and the power conductors. Lay a 

: : ',Z' Yt'- a ? >lnt . th f? ugh the on the cent er vertical scale 

; ' Read the unweighted amperes at the 

/ . — 1 - eraects the right vertical scale. Enter this 


meter reading 

^Brn SCALE 
20/F NTC 



~ eroc-cta. Inc . 


CURRENT 
(AMPS) 
~ 1 



" 7 ' 


t- 4 

t 

5 

i 6 

7 


'f 


j 10 
T 


't 

i 


20 


30 


40 
$ 50 

| 60 
f 70 

f 80 

f 90 
- 1 - 100 


FIGURE 9 
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4 ' 3 ' 4-1 2’S„S 1 i, be ca * inations ° f distance and readings where the 
o,-. i straight edge will project beyond the limits of the ricrht vertical 

rSSg ^ ° ver 100 subtract f S S 

by 10 S, obtain £ ttlSS **“ 1 ™ ta> thUS ° btai ^ 

4. 3. 4. 2 When the current value is less than 1 anpere or the 20/f readina is 
less than 8 dBmc add 20 dB to the readl^ end rjSign th^SSgS 

tta ri ® ht ^-al «■£ dSSSS 

ra-t-oo o Y i t0 the current in amperes. -When the straight edge indi- 

realign Se^traight Sa, tha ?. 1 .J t ^J e add 40 to the original reading and 

SdSsSoSsrs is 4^ —SstSeSsri 0 ? ss ain 

reading, the straight edge can be laid between 18 and 40 giving a reading of 
8.5 on the right hand vertical scale. Dividing this by lOoSSeS ^08? 
arrperes which is usually rounded to 0.1 ampere: 5 

4 ’ 3 ’ 5 Sic3j 9 JlSs rea f?S C * converted to unweighted amperes 

irectly by use of the nomograph shown in Figure 10 Enter the 

reii^ in Sn^t^vSSt^^ X ^h^XSects 

the right vertioal scale. Divide this value by the order ofSeXSX 
Vi/ z, j, . . . ) to obtain the unweighted earth return current. 

;- 3 - 5 ; 1 |?XS2 SSES'S £“££ SSSgSS^S ov S n 
^iSdS^“ a rss^-sss s.r ^ — 

4 ’ 3 ' 5 ' 2 X to be followed where the straight edge extends beyond 

beicw those stown on the cenSr vlrticS sSSiitSs^StStl^^/f 
weighted readings. It is discussed in Paragraph 4.3.4.1 and 4 S 4.2 ' 

4 ' 3 ’ 6 SumSTSSsr the P°»“ suction of 

as discussed in R^r^X” 4. ^ ™" SqUare of colunn (10 > 

4.3.7 The calculated values should be nearly equal to the overall measured 
values in the noise measuring set mode. A large discrenanrv ir>rH 
cates an error in either the calculations or in the sinL frZ^ indl ~ 
ments. This should be found and corrected before preceS?ng 

4.4 The final step is to calculate the TIF contribution of the earth 

from t te c^^d^^tS ^ & 

resulting TTF weighted dB ( (T f ) dB) in column (11). ‘ ter the 
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Distance 

T ICO 
j90 
+ 80 

f 70 

•E 60 
I 

ir50 
-£■ 40 

t 

L 30 


+ 20 



Meter Reading 
dBm Scale 
Flat WIG 



Current 
(AMPS) 
T 1 


30 


f 2 



4 3 


t 

I 


l 2 

T 


T 

+ 


80 


+ 90 


t 30 
| 

f 40 
f 50 

4- 60 

f 70 
+ 80 
+ 90 
x 100 


Courtesy Wilccm Products, Inc. FIGURE 10 

no mograph for determini ng earth return current-flat weighted reading 

4.4.1 Numerical TTF can be calculated by the equation: 


Numerical TIF = locf 1 +L£l_dB 
^ \ 20 
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4.4.2 The numerical TTF can also be determined frcm the curve shown in 

iji Figure 11. Enter the bottom horizontal scale at the calculated 

( f) dB value frcm column (11) of the analysis form. Follow the vertical 
line to the point it intersects the curve. Read the TIF value of that point 
on the left vertical scale. Enter this value in column (12) . 

4.4.3 Numerical TIF may also be calculated by dividing the TIF weighted 
amperes frcm column (5) by the unweighted amperes frcm column (10) . 

4.4.4 Calculations should be completed for all individual frequencies and 
overall measured and calculated values. The TIF values recorded for 

the harmonic frequencies should agree with the values shown in Ihble III, 
Power Harmonic TIF Weighting Factors, TE&CM Section 452. 

4-5 An example of a completed form for power system current wave for 

a nalysis is shown in Figure 12. It is important that all of the 
information at the top of the form be provided. The time may indicate the 
data was obtained during a period of low or high load demand. This can 
sometimes be valuable during the analysis. Weather conditions can have a 
direct relation to interference levels. 

4.5.1 In the example an average distance between the center of the coil 
and the power conductors of 31 feet will be assumed. Enter this at 

(1) in the form. Looking at the table of height correction factors for an 
exploring coil at the bottom of the form a correction factor of 23 dB is 
found for a 30 foot height. Enter this value at (2) in the form. While a 
more precise correction factor (23.2 dB) can be found in Figure 16 of TE&CM 
Section 452 the resulting deviation is small and has no significant effect 
on the final values obtained. 

4.5.2 Complete measurements with C-MSG, FLAT and 20/f weighting and re- 
cord the results as shown in columns (3) , (6) , and (8) respective- 

ly for the listed frequencies. Complete overall measurements with a NMS and 
record in the designated spaces. It is not necessary to record readings at 
the higher harmonic frequencies when it is obvious they are at a low level 
which will have no bearing on the overall telephone circuit noise. Readings 
with 20/f weighting cannot be made accurately below OdBm. 20/f values 
should be calculated from recorded results of FLAT readings for 20/f weighted 
results between 0 and -13.5 dB. 

4.5.3 The calculations described in Paragraphs 4.2, 4.3 and 4.4 are com- 
pleted and the results entered on the form. All data is now 

available for analysis. 

5. ANALYSIS 

5.1 The results from measurements in the NMS mode in column (10) of 

Figure 12 shows an overall earth return current of about 4.2 anperes. 
This indicates there is little likelihood of a fundamental frequency problem 
(excessive longitudinal 60 Hertz voltage in the telephone system) . Generally 
when the overall earth return currant approaches or exceeds 20 anperes there 
is a possibility of a fundamental frequency voltage problem. The IT (TIF 
weighted amperes) value in column (5) is 1189 indicating that there is a 
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possibility that the earth return current of one or more harmonic frequencies 
may be high enough to induce noise in a well balanced telephone circuit. 

5.1.1 It is difficult to establish the precise I-T value which will indi- 
cate a noise problem exists. The overall IT provides a broad in- 
dication of the potential interference frcm a power line. Normally the IT 
is not measured unless a noise problem exists and the telephone company has 
eliminated all potential problem areas in its system. There are situations 
5*^ “i scusse< 3 in Paragraph 1.1 where these measurements might be completed 
before a problem is known to exist. As a general rule when the IT exceeds 
1000 a harmonic analysis of the earth return current should be completed. 

5.1.2 The I-T values for each harmonic frequency in column (5) of the 
example are acceptable except for 540 Hertz which is 1000. This 

indicates there is a potential for telephone system noise at this frequency. 

As a general rule if the I-T at any individual frequency exceeds 500 there 
is a possibility of a noise problem in parallel telephone circuits. This does 
not however guarantee a noise problem cannot occur when the I-T is less than 
500 but that there is a lower probability of one occurring. There are other 
variable contributing factors such as the length of exposure, separation 
between the telephone and power lines, etc. (See TE&CM Section 452, 

Paragraph 5) . 


5.2 The unweighted harmonic frequency earth return current value s in 
column (10) show there may be significant current at four frequencies. 

They are 180, 300, 420, and 540 Hertz with currents of 0.7, 0.6, 0.6 and 0.7 
amperes respectively. There is little chance of 180 or 300 Hertz contribution 
to the noise problem due to the low I-T. There is a possibility that the 420 
Hertz component might be contributing to the telephone system noise if there 
is a long exposure. The 540 Hertz component appears to be the principal con- 
tributor in this case. When long exposures are involved 540 Hertz earth 
return currents of 0.1 ampere should not be disregarded as insignificant. A 
substantial longitudinal voltage can be induced in the telephone system which 
should not be considered a power system problem since the I-T would onlv 
132. (See TE&CM Section 452, Paragraph 5) . 

5.3 The numerical TIF values from column (12) show good correlation to 
those from Table III of TE&CM Section 452. 


Frequency 

180 Hertz 
300 Hertz 
360 Hertz 
420 Hertz 
480 Hertz 
540 Hertz 


Column (12) 


Table III 


29 

30 

224 

225 

380 

400 

624 

650 

955 

950 

1349 

1329 


5.4 


The differences between numerical TIF and Table 3 values are to be 
expected as are those between overall NMS measurements and power 
surrmaticns. They occur since it is not possible to complete all measurements 
at the same instant. During the time required to complete the measurements 
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EXAMPLE - INITIAL MEASUREMENTS - EARTH RETURN CURRENT 
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there will be variations in the power system loads producing these minor 
differences. 


5.5 The 540 Hertz component is the predominant harmonic in the 

majority of noise investigations. Power line resonance is often 
a factor which can be further aggrevated by capacitor bank installations. 
A capacitor bank located on the field side of the location of the measure- 
ments shown in the example (Figure 12) will be assumed. This bank can be 
suspected of contributing to the noise problem. 


5.6 Additional measurements of tie harmonic frequency earth return 

current should be made at locations along the power line both 
directions from the capacitor bank. It will be assumed that the recorded 
results of these measurements at a location on the field side of the capacitor 
bank show an I-T of 442 at 540 Hertz and an earth return current of 0.3 amperes. 
This provides further confirmation that the capacitor bank is a major contri- 
butor to the noise problem. 


5.7 At this point the power company should be contacted. Siough in- 

formation has been accumulated to determine that a condition in the 
power line operation is apparently the principal source of the telephone 
system noise. The information is in units (I- T and I) which will assist a 
power company engineer in making decisions regarding possible actions to 
relieve the problem. Even when the telephone engineer or technical has made 
scane assumptions relative to the noise contribution frcm various power 
system components the final determination should be left to the power company. 


5.7.1 Present all of the earth return data to the power company together 
with additional information showing that telephone shields are con- 
tinuous and the telephone circuits have excellent balance. Negotiate an 
agreement with the power company to temporarily remove the ground connection 
frcm the capacitor bank. During the period the ground connection is removed 
the telephone company repeats the original measurements near the capacitor 

bank. 


5.7.2 It will be as sumed for the example that the recorded results of 

power system earth return current measurements with the capacitor 
bank ground connection removed are those shown in Figure 13. The IT at 
540 Hertz has been reduced frcm 1000 to 22. The earth return current could 
not be measured although calculations determined it was now about 0.016 
ampere The I-T of the 420 Hertz component has been reduced frcm 355 to 335 
andthe earth return current from 0.6 to 0.5. Noise measurements should be 
made at the subscriber location with the capacitor bank ground removed. It 
will be assumed that the 420 Hertz component is not a significant factor in 

the overall";l | c^^^: ,, , .■ 

Recorded results of noise measurements at the subscriber residence 
are: Power Influence, 89.2 dBmc and Circuit Noise, 12.5 dBmc 
giving a balance of 76.7 <3B. Even though the power influence is still in 
the marginal range there has been a marked reduction from the results of 
the original measurements made at the same location with the capacitor bank 
connected to ground. Original measurements were: Power Influence, 105^5 
dBmc and Circuit Noise, 28.0 dBmc giving a balance of 77.5 dB. This con- 
firms the capacitor bank was the principal contributor to the noise problem. 
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FIGURE 13 

EXAMPLE - SECOND MEASUREMENT - EARTH RETURN CURRENT 
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5.7.4 Arrange another meeting with the power company representatives and 
. _ . P re sent the new recorded data. Negotiate with the power company 

to obtain relief from the effects of the capacitor bank. While the final 
decision as to corrective action rests with the power company the telephone 
corpany representatives need to be aware of the options available. The 
effects of power system resonance which may be aggravated by capacitor banks 
can be reduced in several ways. 

5.7.4. 1 The capacitor bank can be relocated to a point closer to the sub- 
station . This reduces the cable length that is exposed to the high 

harmonic frequency earth return current. There are sometimes situations 
where the capacitor bank can be removed completely. 

5. 7. 4. 2 A harmonic shunt installed in the ground lead of the capacitor bank 
can be tuned to supress the interference of voice band harmonic 

frequencies. This technique has been quite effective in the field. 

5.7.4. 3 Some power companies will remove the ground connection permanently 
from the capacitor bank. While this technique can effectively re- 
duce interference, there are seme potential safety hazards involved. It is 
not, therefore, a recommended procedure. 
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